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ANTENNAS

EFFECT OF CILINDRICAL SCREENS ON THE NOISE TEMPERATURE OF MIRROR ANTENNAS

Moscow RADIOTEKHNIKA in Russian No 2, Feb 81 (manuscript received after
completion 28 Jan 80) pp 74-76

[Article by A. M. Somov]

[Text] When highly directional antennas with low-noise receivers are used,
it is very important to reduce the noise temperature, an integral parameter
which is a function of the directional properties of the antenna and the
effective noise temperature of the environment [1].

To reduce noise temperature of antemnas, it is necessary to attenuate the
level of extraneous emission. We kaoow [2] that an effective measure to reduce
extraneous emission of mirror antennas is to install cylindrical screens around
the perimeter of the antemna aperture (Figure 1).

The methods of calculation of antennas with such screens have been elaborated
in sufficient detail. For this purpose, a method of geometric diffraction
theory (GTD) 1s used which considers both the change in the field distribution
in the aperture resulting from the presence of the screen as well as the pre-
sence of rapid oscillations in the field at the edge of"the screen [3].

Figures 2 and 3 show the beam patterns (DN) of a mirror antenna with focal
length F = 45.7 centimeters and aperture diameter D = 122 centimeters,
calculated in the frequency range of 4 GHz in the planes E and H, respectively.
The solid line denotes the antenna beam pattern without the.cylindrical screen;
the dotted line is with a screen 20.3 cm long; the dot and dash line is with

a screen 50.8 cm long.
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For these same cases, the relationship was calculated of noise temperature of
an antenna as a function of its inclination toward the horizon. The calculation
was performed on the basis of a standardized portion of power of thermal

noises of each sector of the beam pattern (DN). For example, a standardized
portion of power equal to 0.113 wihtout a screen in the plane H and 0.147

in the plane E; and with a 20.3 cm screen, 0.008 and 0.019, respectively,
corresponded to a sector per rear hemisphere (90°-120°).

The portion of power of noises received from the rear half-space beyond

this sector is small and does not affect noise temperature. In calculationms,
thermal losses of the feeder and thermal emission of the atmosphere reflected
on the earth's surface were ignored.

The surface itself was assumed to be smooth according to Rayleigh; meteoro-
logical conditions corresponded to dry, clear weather.

The relationship of noise temperature (ShT) as a function of the angle of
inclination was determined according to the formula

Ta= %’[5 T,,E* (8) sin 60 + S (Ta, , + Tour) E*(8) sl 040 + S To, + B (0)sin odo] .

where G0 is antenna gain in the direction of the primary emission maximum;
Ez(e) is the beam pattern according to power; o 1is the angle of inclination
of the antenna to the horizon; Tao = T3/ J—;z—gg is the effective noise tem-

perature (DShT) of the atmosphere in the sector of angles from 0 to a; Ta is

the brightness noise temperature of the atmosphere in the direction of the zenith;
in this range of frequencies for dry, clear weather equals 2.9°K; p = arctg

(T./T__ ) T is the brightness noise temperature toward the horizon. Under
thd s82& confiitions p = 0.028;

ap = sinacos b 4 p, b, = sinBcosq;

(al‘: — b':) sin(0+4a) pas "3 > b:,
(3q + ) sin (0 —a)

T, ———ZT—’—'arclg
N -

V (6T —a2)sin (8 + ) + (2 + b) ¥'sIn (6— )
—V(63—al)sin (8 + o) + (a1 + b) V5 (E— )

T

T - ——2——p
" Y-

2 2
ans by > ap

is effective noise temperature of the atmosphere in the sector of angles from
a tom-a.
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Effective noise temperature of the smooth surface of the earth respectively
for vertically and horizontally polarized thermal emission in the sector angles
from ¢ to 7 -a is determined by the following expressions:

7 X
a—8, - V=8

. S— 7
x (a3 —87)sin(8 +a)
X [ T-, chlgl/ (as + 6,y sin (6 —a) }. 2 al > b2 |

4 V'er, { e Aa,— Bb,
T, ™ }/sln’ﬂ—sln'a——_:_—x
. az—— b"; . V 53— a':‘

. 4 -, e —
Tpe= _‘__‘_/_‘ﬁ{}/smta_sm:a_*_M

V(6 —=a2)sin (8 + o) + (an + by) ¥ S0 (T—3) “
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y [ . W‘g l// (= sn(0+a) ]}

(ar + bc)*sin (o — l'z)
while in the sector from 7 ~ato w

L ViT, Aas— Bbs T' . 4Y<T, Aa,— Bb,
TR V- e g VAo

where T0 is the absolute physical temperature of the earth's surface; ¢ 1is

dielectric permeability; in this frequency range for dry soil,:e = 3.5;

@y~ —esinacos b }/?; ar =~ —sinacosf 4 f:; A= ——slﬁuosﬂ;
by = —ccosasin®; brl-‘—cosnsln_ﬂ; B =~ — cosasin®. ‘

Noise temperature was calculated separately for each plane E and H, wherein
each time was assumed axial symmetry of the beam pattern. The practical dif-
ference of the beam pattern in these planes was considered by averaging the
results of calculation in terms of the main planes. Furthermore, in each of
the planes was considered two cases of polarization of thermal emission:
vertical and horizontal, after which the calculation results were also averaged.

In this way, the calculated noise temperature is valid for an antenna operating
with circular polarization. The relationship of theoretical noise temperature
versus the angle of inclination of the antenna to the horizon is cited in
Figure 4 (solid line: no screen, dotted line: screen 20.3 cm long; dotted

and dashed line screen 50.8 cm long).
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As the results of analysis showed, cylindrical screens in the aperture of
mirror antennas are effective means for reducing noise temperature.
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MULTICHANNEL LIGHT MODULATORS FOR OPTICAL SIGNAL PROCESSING SYSTEMS OF
ANTENNA ARRAYS

Moscow RADIOTEKHNIKA in Russian No 2, Feb 81 (manuscript received 27 May 80)
pp 6-14

[Article by L. D. Bakhrakh, D. B, Ovezov (deceased), S. G. Rudneva and
V. B. Shverin-Kashin]

[Text] Introduction

Optical radio signal processing systems have become very popular in the last
decade. The use of coherent light as an information carrier enables the per-
formance of parallel processing of information and its transmission, with great
speed. These properties of coherent systems govern the outlook for their use
to process the signals of antenna arrays, in order to resolve such problems

as parallel surveying of space []], correction of errors due to deformation of
the profile of mirror antennas (problem of focal synthesis) [2, 3], processing
of signals of circular arrays [4, 5], some problems of antenna measuring tech-
nique [6] and processing of signals in stations which have an artificial aper-
ture [7].

The basic component of any optical processing system is the information input
and light modulator device. There are many different types of modulators, which
may be explained by the large number of physical effects that enable us to
alter amplitude and phase of collimated coherent light flux; and also by the
large number of media which can be used to implement certain effects. Various
types of modulators are also used in signal processing systems of antenna ar-
rays. The resolution of some problems requires a system with real-time signal
processing (parallel surveying, focal synthesis). The modulator must perform
operative input of information, thus it employs a medium with lag-free variation
of parameters (coefficient of transmittance, index of refractiom, thickness,
etc.). In other cases the signal may be subjected to intermediate recording and
media are employed which have memory (recording on photographic film, thermo-
plastic recording), €.g., signal processing in stations having an artificial
aperture, problems of measuring technique. In this way, specific requirements
imposed on a data input device depend on the nature of the problem being tackled.
In addition to the requirements governed by the specifics of individual problems,
however, there are general requirements which are basic in natuxe, that are
related equally to all modulators utilized to process antenna array signals.
These requirements will be examined below.

Basic Requirements Imposed on Modulators Used in Antenna Array Signal Processing
Systems

5"
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A specific feature of antenna array signal processing systems is their multi-
channeling. A modulator with a number of channels equal (sometimes more) to N
corresponds to an antenna consisting of N elements. According to the nature of
the problem to be tackled, the number N may vary widely: thus, in the problem
fo focal synthesis the number of channels is comparatively small--as a rule
10-20; in parallel scanning it constitutes several tens or hundreds; in
artificial aperture systems it may be over a thousand. Naturally problems

may arise linked with the multichanneling in certain instances, as regards
placing a modulator in the aperture of the optical processing device which

is limited in size.

An extremely important aspect of light modulators used for service in antenna
array signal processing systems is the complex nature of distribution of the

SHF field in antenna elements. Signals of individual elements differ in amp-
litude and phase. The light modulator must transmit a complex field from

the antenna to the coherent light flux. The law of amplitude-phase distribution
in light flux passing through a modulator must satisfy the law of field distribu-
tion in the antenna, or else the signal processing job can not be tackled.

We shall detail this requirement here.

If each element of an antenna array separately contained information about the
amplitudes and phases, then the problem could be resolved by direct effect in-
dividiually on light amplitude and phase. It would then be sufficient to set

two layers in the path of the coherent light flux, one of which could alter

the degree of transmittance (affect light amplitude), and the other which

could alter its thickness or coefficient of refraction (affect its phases).

But it is extremely difficult to obtain separate information about amplitudes

and phases of signals in discrete antenna array elements, considering their

1wo directionality values: it would mean solving the signal-to-noise problem

in each channel. Furthermore, the use of media with two variables to modu~-

late light and solve problems of signal processing of multiple-element antenna
arrays would be inefficient. Transmission of information into light flux about
amplitude-phase distribution of the SHF field in an antemnna array is accomplished
by effects on any (according to the material) single parameter of the modulator's
medium. For this purpose, in each processing channel corresponding to an
individual emitter, the signal must be specially processed to obtain control
voltages.

Control voltages can be obtained by linear or non-linear processing of signals
in individual channels of the processor. Linear processing signifies process-
ing where the SHF signal is amplified and subjected to frequency transformation.
These transformations are linear in that they retain the amplitude and phase
relationships between the signals of individual channels. A change in the
variable parameter of the modulator medium occurs with the frequency of the
modulating voltage. Let us observe that in linear processing of signals,
frequency transformation is not an essential prejequisite. Indeed, in the most
developed modulators today, the frequency of the control voltages is much
lower than the frequency of signals received by the antenna. A trend has
recently appeared toward increasing the frequency of control voltages up- to
and including the frequency of the initial signals. According to how the
parameter of the medium is changed, there is modulation of the phase and ampli-
tude of the light flux passing through the modulator. In this way, in linear
signal processing the transmission of information into the light flux is performed
- by amplitude or phase time modulation and may, for instance, be effected using
ultrasonic or optoelectronic modulators.
6
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Let us consider nonlinear preliminary processing of signals. In contrast

to linear processing, the control voltage in this case affects the medium

of the modulator and is proportional to the intensity of the radiosignal and the
signal entering the modulator, but has no frequency change. To preserve information
about the amplitude and phase, an external reference field should be used

and thereby obtain an interferogram (hologram) of the field; or a phase detector
used to detect one of the quadrature components, which is also a hologram,
Therefore, in nonlinear preliminary signal processing, information about the

field in the antenna array is transmitted into the light range not with the

aid of time modulation, but through amplitude and phase distributions.

On the Role of a Three-~Dimensional Carrier Frequency

When control voltages of linear preliminary signal processing are obtained, the
light flux is time modulated; in nonlinear processing, amplitude or phase dis-
tributions of the light flux are produced in the modulator. 1In both cases

one variable parameter of the light flux is utilized. In this context, there

is a certain equivalency of such modulators from the standpoint of information y
possibilities and uniqueness of depicting the SHF field in the light range.

Let us express the field distribution in a linear antenna array whose elements
are situated along axis x by the function

Sp(x, 1) = Ay (2)sin [agt + 9, ()], 1)

where A p(x) and ¢p(x) are the distribution of amplitudes and phases of

radiosignals; mp is angular - frequency of the radiosignal.

After the appropriate linear preliminary transformations of the signals in
(1) and as a result of amplitude modulation at the modulator output, the fol-
lowing light field will be observed

Jien —Sl.nwl(l + my (x) sin [ + 9p (X)]) = sinwf 4

”"A (x) . '
+ =5 cos[(e—~Q)t—g, (x) — = ;") cos [(v + ©)¢ 4 9, (x)), (2)

where ma(x) is the index of amplitude modulation proportiona’ to the amplitude
of Ap(x) of the signal in the antenna; w is the angular frequency of the collimated

light flux of coherent light; Q is the angular frequency of the modulating
voltage.

Light field at the modulator output in phase modulation is expressed in a
gimilar fashion:

Sycn = sinf{wf + my (x)sin [ + ?p (X))} = J, [;"Qv(x)] sinwf —
—1J,[mg (x)] sln [(0 — Q) ¢ —p (X)) + 1 J, [mg(x)) sin (e + 2) ¢ 4- ?p (2)],

7 3)
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where m¢(x) is the index of phase modulation proportional to the amplitude

of the signal in the antenna; Joﬁw? and Jl(m¢) are Bessel functions of the
zero and first orders.

. mg, (x) : mg, (x)
Jicn = sinof —1 Tsm [(o—8) t—op ()] +1 —5—sinl(o +2)2 + 9, (x)]. 'S

As can be seen from a comparison of (1) and (4), the useful information is
contained in the side frequencies in both cases. The phases of the SHF
signals is reproduced to within the sign in the light fields of the side
frquencies, the amplitudes of the SHF field are transmitted by the
amplitudes of the side frequencies. In phase modulationm, amplitude-phase
relationships between the channels are preserved as long as the index of
phase modulation is small.

In nonlinear preliminary signal processing, the control voltage can be described
by the function

fynp (x) = b+ ap(x)sin \ (x), )

where b is the level of the reference signal.

As a result of the impact of control voltages on the amplitude of the light
flux at the modulator output we find that
vapr(-‘) o . ‘a-(.-r)” k
Jam = bsin uf b —5— cos fof — g, ()} — g cos uf + g, (x)). (6)

If the control voltage affects the phase of light, the field is described
by the expression

Secp = Sin fwf ;p {x)sin Pp (x)} - sin (o?) cosv[ap (x)sin g, (x)]v +V ! )
- cos (wf) sin fap (x) sin g (x)] == J, [4,, (x)) £in ot — '

—J1lag () sin [of 95 () + Ja lap (o)} sin [t + 75 (Y], - -

In equation (7) the constant componment of phase, proportional to the level

of the reference signal b, is omitted.. In (6) and (7), as in time modulation,
there are three light fields at the modulator output: the field of the constant
component and two fields containing the SHF signal characteristics. This is
basically due to the fact that any kind of modulated field can not be described
by a sicgle component.

Leaving aside the question of interference due to the constant component of

light flux for a while, let us mention the ambiguity of depiction of the HF

field by light fluxes. This ambiguity is inadmissible ir all problems involved
with the processing of antenna array signals. In problems of paraliel scanning,
owing to the presence of complex-coupled fields, a loss of the sign of angular
coordinate of the source occurs; the same may be said of an artificial aperture
station. In focal synthesis problems, the presence of these fields precludes

the possibility of matched reception. Under these circumstances, system efficiency

8
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can only be preserved in special cases where there exists additional information
about the sign of the angular coordinate or there is a guarantee that the
sources are located on the same side of the line normal. The latter condition
is made if the array elements have sufficient directionality and are turned to
ensure reception only on the left or only on the right of the line normal.

The above makes it clear that in the overwhelming majority of cases, special
measures must be taken to eliminate noise due to the simultaneous presence

of complex~coupled light fields in the input aperture of the optical device.
The situation can be rescued by three-dimensional filtration of signals,
i.2., by deflecting fluxes corresponding to these fields. The linear component
w % should be inserted into the independent variable of the phase multiplier

of fhe control voltage of (5). Then expressions {(6) and (7) will become,
accordingly:

Faen = bsinof + “",f,x) cos [wf — @, (x) — w0, x] — @)
: ap(x) .
— —5— cos|wf + ¢, (x) + o, .x];
' f4c, x‘lo[ap (x))sln 0t — J, lay(x))sin[wt L Pp(X) — o0, x]+
+ Jylag(x))sin|wt + P (x) + o, x].
€))]

Fluxes corresponding to the three light fields-at the light modulator output
according to (8) and (9) are now propagated in directions characterized by the
angles:

B == 0; 0, = 25, 0_, — _ 2

where k is the wave number. The parameter w_may be viewed as a three-dimen-
sional carrier freqeumcy [8]. With an increase in w_, separation (filtratiom)

of the sectors of unique correspondence of light £181ds and SHF field increases.
Introduction of the three-dimensional carrier may require an increase in the
number of channels of the modulator as compared to the number of array elements.
The relationship between the period of the three-dimensional carrier and the
nusber of variable elements (channels) off'the modulator is a function of the
nature of the problem being tackled.

Let us analyze the relationship between the period of the three-dimensional
carrier freqency Tpr and the distance between the modulator channels dm,

assuming that the three-dimensional carrier and the modulator channels are
distributed along the x axis. Based on the principles of nonscalar simulation,
a gection in the plane of indication of the optical system (this is usually
the focal plane of the transforming lens) can be determined,: which is situated
along the x¢ axls and corresponds to the scanning sector of the antenna array.

In the commonest case the scanning sector is measured through an angle of 90°
with respect to‘ithe line normal to the array. The sector which images the
sector in the optical system is determined by the ratio A/dm and the focal

9
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length of the lens f. This sectdr is periodically
repeated within the wide diffraction spot which corresponds to one channel;
this is the result of nonscalar simulation [9].
, etc. depicts the antenna

- In Figure 1, any fragment x, , X

17 T2 * To2” Yoo
scanning sector. The length of this fragment is

. 2
o0 o, =25 1. (10)

In the absence of a three-dimensional carrier, one diffraction spot J(x,)

in the center of each fragment corresponds to the signal entering from ?he
source situated in a direction normal to the antenna: the width of the spot

is controlled by the overall length of the modulator. If the signal from

the source enters at some angle ¢ to the line normal, each fragment will

show two diffraction spots J(x, ) and J*(x ) in conformity with the presence
of two complex~coupled light f?elds in the modulator. Both spots are displaced
(Figure 2) from the center of the fragment symmetrically by a distance equal

to

A
bxp o= fsing,
¢, fEne 1)

Let use consider the same modulator with the introduction of a three-dimensional
carrler, assuming that its period

Tl!p > dﬂh
To satisfy this condition, signals being fed into the modulator channels must
first pass through a delay line or phase inverter and acquire additional phase
shifts which are linear functions of the channel number. Now, in conformity
with the steepness of the linear phase incursion, the spot corresponding to

a signal from the source situated in the direction of the line normal, is
displaced in each complex—-coupled field (Figure 3) by an amount

Ax¢(A4,) - +— i 4‘ 12)

where Ay denotes the phase change between two adjacent channels introduced with
the ald of the phase inverter, delay lines or any other method.

The quantity Ay determines the period of the three-dimensional carrier frequency

A

10
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Figure 2

Each diffraction spot in Figure 3 corresponds to a signal passing through

the array along a line normal; thus the position of these spots determines the
center of scanning in each of the two light fields. With an inclined incidence
of the signal onto the array, the diffraction spot moves away from the center
of the sector accordingly in some ditrection through a fragment

: A
A%(v)-m Ssing, (14)

It is difficult to show that, for sectors depicting the scanning sector in
two complex-coupled fields not to overlap (Figure 4), the size of the phase
jump of signals entering adjacent channels of the modulator must be limited
to values lying within the limits of 0 to 7 radiams. This condition may be
satisfied by an appropriate narrowing and orientation of the beam pattern of
the emitting array at an angle. The direction of their zero emission must
satisfy the conditions:

n—Aql

v,
sin ¢, = ~ %0, sin ¢, = 5D (15)

where kp =2/ AP is the wave number; Da is the distance between array elements.

B Let us note that the separation of sectors in complex-coupled light fields can
be produced without rotating emitters, if thelr beam patterns are narrowed correct-
ly (Figure 5).
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Thus, it is theoretically possible to separate sections of unique correspon-
dence to the scanning sector in the optical system by introducing a three-di-
mensional carrier with a period of Tpr > dm, with rotation and adequate

narrowing of the beam patterms of the array emitters. As illustrated by an
artificial aperture station, it can be shown to be possible to implement this
reception in practice. In stations of side scanning, signal processing involves
the use of a natural phase incursion from "channel" to "channel” due to the
Doppler component. For this purpose, the pattern of the on-board antenna

(1.e., the pattern of the individual emitter) is appropriately rotated within
the array. The period of the three~dimensional carrier may be much greater
than dm here. The necessary narrowing of the pattern is easy to implement,

since the size of the on-board antenna can be made several times greater
than the distance between elements.
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As concerns other problems: parallel scanning, focal synthesis, processing
signals of circular antenna arrays, practical realization of the require-
ments necessary to separate sectors in an optical system is encumbered by
many technical problems. The use of a three-dimensional carrier having

a rather large period (Tpr > dm) would require the use of narrow beam patterns

of the emitters 6 < 90°. To shape such a pattern the aperture of the in-
dividual element would have to be

D> 1,5, (16)

- where Ap 1s che radiosignal wavelength. The period of installation of emitters
in contrast to a synthesized antenna should be of the same magnitude Da' In

this connection, a problem of polyvalency arises which results from the presence
of interference lobes in the scanning sector. The array factor and the width
of the pattern of the elements is in a relationship where the unique scanning
can be guaranteed within the sector not to exceed * arcsin 3_2.: +20°. In prob-

2D

a

lems of focal synthesis and signal processing of circular arrays, the emitter
period should be on the order of AP/Z; it is thus impossible to shape the

emitter beam pattern in conformity with requirements [15].

5L

An ldeal example of using a three-dimensional carrier having a period exceeding
the interval between channels in a modulator is a transparency with the record-
ing of the signals of a side scanning station. In problemse of processing
signals of antenna arrays in real time, the use of such a modulator is limited
to a system of parallel scanning with a sector not to exceed 40°, In this

case the problem can be tackled with the use of an optoelectronic modulator.
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Let us consider the use of a three-dimensional carrier in a modulator,
with a small period (T _ << d ). In this case, the orientation of the
carrier is possible algﬁg an axis in which are situated the channels of
the modulator, and in the direction perpendicular to it. Practical relia-
zation of a modulator with a small period of carrier depends on the nature
of the preliminary signal processing and the type of modulating medium.

Let us consider optoelectronic modulators. If nonlinear processing and electron
beam recording are used in the system, the three~dimensional frequency can

be obtained as a result of linear change in the frequency of the reference
field. Three-dimensional modulators of this type are based on the longitu-
dinal optoelectronic effect. The electron beam governs the three-dimensional
distribution of potential on the surface of the optoelectronic modulator.

The passing light flux is modulated in conformity with the recorded potential
relief. The situation is much more complicated with optoelectronic modulators
operating in real time, which use linear processing of the signal and time
modulation. To obtain a three-dimensional carrier with small period here,

it is.necessary to greatly expand the number of channels of the modulator

as compared to the number of array elements; this, in turn, requires the use
of dividers which can be used to distribute the signal of each array element
to several modulator channels. In the sector between the divider and the
modualtor are introduced phase shifts; using them, a three-dimensional

carrier frequency is established. In this way, in optoelectronic modulators
operating in real time, the production of three-dimensional frequency rumns

up against real problems.

In ultrasonic modulators, the three-dimensional carrier is realized more natu-
rally: it is a propagating ultrasonic wave. In these modulators, a very high
degree of three-dimensional filtration of light fields is achieved, and the
angle of deflection of light flux equals 6 = * A (A is the wavelength of
A
ultrasound). In most antenna problems solved using optical devices, high separa-
_tion of sectors of uniqueness of depiction is necessary. Therefore, when
* evaluating the basic indicators of optoelectronic and acoustooptical modulators,
this notion is decisive. In this connection, it is advisable to examine
several basic properties of acoustooptical modulators,

Several Properties of Acoustooptical Modulators

Let us consider the most essential properties of ultrasonic modulators. In
optical signal processing devices of multichannel antenna systems, it 1is
very important to obtain a very high isolation between modulator channels
(up to 20 dB), to insure nearly complete identity of channels, processing
of broad-band signals and long signals. Let us establish a connection
between these requirements and the modulator parameters which correspond

to them.

The question connected with isolation between channels becomes especially acute

as the width of piezo transducers is reduced (and their installation spacing)
in a multichannel modulator, since with the decrease in transverse size of
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of the piezo transducers the so-called piston zone is reduced. Let us note
that the linearity of modulation conditions, i.e., transmissions in the optical
information range about amplitude-phase distribution of the SHF field in
elements of the antenna, can be achieved while operating in the piston zone

of plezo transducers of an acoustooptical modulator. The solution of this
problem is found by using a waveguide type modulator design, i.e., by using
separate soundguides for each soundguide channel. To manufacture waveguide
modulators, materials are required which allow mechanical and optical treatment
nad have enhanced hardness. Furthermore, let us note that with a width of
piezo transduers less than one millimeter, the manufacture of a waveguide
type modulator is a complicated technological job. In some anisotropic
crystals, the required values of isolation between channels are achieved

by selecting completely defined directions of propagation of the acoustic

wave. Thus, In paratellurite with a direction (110) and diffraction of

light on a longitudinal ultrasonic wave, monoblock multichannel modulators

can be realized using almost any technically feasible width of plezo trans-
ducers. Crystals of lead molybdenate can be used in the same manner.

Satisfaction of the requirements of linear reproduction of amplitude and

phase relationships, retention of the dynamic range and signal-to-noise

ratio is connected with the selection of a material having high value of

the coefficient of diffraction activity M, [10]. High diffraction activity
enables us to excite ultrasonic waves withli low values of signal input power.
Let us mention that the increased diffraction activity is promoted by the use
of diffraction conditions in the modulator, close to Bragg diffraction. It

is especially important to shift to Bragg diffraction in multichannel modulators
used to correct distortion in optical range antennas [11]. It should be

added that to retain the desired signal-to-noise ratio and dynamic range,
inherent light noises of the modulator arising from the background of the con-
stant component of light flux should be reduced to the minimum. The back-
ground can be reduced by increasing the angle between the diffracted flux and
the flux of constant compoment, which is achieved by increasing the ultrasonic
frequency and reducing the rate of its propagation in the medium. Of all
currently known materials, paratellurite has the lowest rate of propagation
of ultrasound. In this cgyatal there is a direction where sound propagates

at a velocity of 0.6 x 10” meters per second. Calomel crystals also have
parameters close to paratellurite. Furthermore, an extremely effective method
of suppressing the constant component is the use of anisotropic diffraction
with rotation of the polarization plane in the diffracted light beam.

The requirement of processing broad-band signals is solved mainly by an ap-
propriate increase in the mean frequency of ultrasound. To process signals
of great length, soundguide media should be used which have a low rate of
propagation on the one hand, and low attenuation of ultrasound on the other.
To these requirements we should add the requirements common to all kinds of
light modulators: transmittance in the proper range of light wavelengths.
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The functional possibilities of coheremt optical systems for processing signals

of antenna arrays is largely determined by the information input device.

The use of ultrasonic modulators enahles the maximum utilization of the possibility
of optical systems in tackling antenna problems and some related questions.
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UDC 621.391.82:621.396.6
DETERMINING PROBABILITY OF INTERMODULATORY INTERFERENCE IN A RECEIVER

Moscow RADIOTEKHNIKA in Russian No 2, Feb 81 (manuscript received after
completion 25 Jun 80) pp 70-73

{Article by V. I. Voloshin]

[Text] 1In evaluating the electromagnetic compatibility (EMS) of radio devices
(RS) of communications complexes, it is necessary to determine the probability
of intermodulatory interference in receivers (IP) which occurs when several
RC complexes are transmitting at the same time [1-3]. Because complexes
usually use RS of various ranges and IP are generated by intermodulatory
emissions (II) of various orders, in contrast to [2] we will not impose

= constraints on the ranges of operating frequencies of RS and orders of II.
Furthermore, we will limit our examination to the frequency-energy conditions
of IP vulnerability of a receiver for complexes of closely situated narrow-band
RS, power of extraneous emissions and the sensitivity of side channels of
which are extremely attenuated as compared to the output of basic emissions
and sensitivites throughout the primary channels. It can then be considered
that IP occur only as a result of II entering the primary reception channel,

- having been formed during interaction of primary emissions of the transmitters

in their output circuits [4]. When necessary, incidence of II can enter other
channels of reception.

The frequencies of II arising in simultaneous transmission of several (m) RS
equal

S = fa+ kot oo 1L, (¢

where fa’ fb’ ey fc are frequencies of the agh, b?h, cery th RS transmitting;

1=1,2, .., k, 1 =2%1, %2, ...

Let us designate the minimal and maximal frequencies of the range of the ith

RS accordingly of fin and fiv and let us designate

. _ 1 T - o
8fi=TSin—Jin Ji =5 (fru + f1a)s
f;u...:""‘/a‘*'kfb"'_"- F o Ty =ifa+bFo+ oo +if @
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To determine the probability density of II frequency fu 1k 1’ let us use

relationships for the probability density of functions of random values [5] and
consider that RS frequencies of complexes, when evaluating EMS, can be con-
sidered evenly distributed random independent quantities [6]. Based on (1)

and (2), we find that

W tht ()= W D+ Wopy (=1, F>0 (3)

where for the case of simultaneous transmission of two RS (m = 2)

f“‘-] ‘
) k1812505 np ¢, < f <1y,
Wﬂlk (/‘) - I | 1f S» B (4)
max (164, [R[8fs) "P* 8 <S < Junwe
- 1 T e e -, P ] - - - ) -
ti=Su— 5 (IBfa + [R]BSp), €y = fyyy——5"118fs—| k| Afs 1. )

]
With simultaneous transmission of three RS (m = 3), the functions W u 1k1(f)
are determined by relationships cited in the table for a series of frequently

encountered cases. One of these cases under the least common conditions is
examined in [7]. In the tabular formulas

S T
:’-fulkl_—i_n/o J =14 (6)

ny—ny are the set of numbers £;—£, arranged in decreasing order:

b 180+ || Afo+ 1] 8fs, & = [18fa+ 1 &) Bfp— 1] AScE

5;=I1Afa—-lklAfb4-|1lAfd. & -]!Afn-lklAfb~—I1|A/cL 7
' _ .
- Relationships for W uik...l(f) are clted fgf f<f wik. .1’ because these
functions are symmetrical with respect to £ wik...1°

1
At m 2 4, the probability density of W
thods presented in [8].

uik,..1(E) can be determined by me-

Frequency-enegy conditions of the presence of IP have the form:

1fuin a—Fjl <AFpp.a t+1k1+ e +‘l'l|<0rglax' (8)

.th .
Here fj is the tuning frequency of the j  receiver; AFj,ik...l and Qax is

the maximum detuning between II frequency and receiver tuning frequency and
the maximum order of II at which the action of IP appears (in intolerable
limits reception quality deteriorates in the given sense). Since output
circuits of transmitters are generally rather wide-banded and the levels

of attenuation of II become normal only for a specific relationships of fre-
quencies of transmitters fa’ fb’ ...fc [9, 10], the relationship of AFjik...l

18
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030064-4



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030064-4

WALIL AL ANETY z . 2492197 _ S N :
[Py e 3 L — v liyls z _ - ]
Le=h b._.,\\.flb 1 (b= =Nt (=) CLylrl 9 v la}'®sy) vew M p>
’ —_ 12} . K] ) . ” — . HIH
T . =2fvlr) 1 o
. . [ L I>n
2 fod v A :

Iﬁ.%hl , 2Ueivinl g _ 2IVIVOSY 181 g « ,
T o R oy BT kSl P P
- {9fv 19| *2fy)) xew 2 "9 w HYH

I : — —Csvlil \..q__u_ /v1) xew " L5
WAL AN IR - ’ "y -
- >fI>h
Crvirl'vly| ®fe) upw T:.*._.vh.l\w ’ HIH
. . ! US>
4vIveselinl g RPN
(‘1 — ) 1 HUH .
B> f5h
By =y =4y W=ty =ty .
¢
1o > 05 111> %y, LY PR u\q:_.v_cxi._la\ﬂ_ : é_« \q_a._ula“elv“?:._ (/) 1u1
Crotut ) seus 011> /vha e uw > 2y 1y siNOravaduo wrw
‘HVYH A o
Uviwi= Y9 X >CErvtvt o) uw _.,\m._._“_qwc..u_“....ww_wm:

9

%reli1> g in1 + %9y

T °TqelL

19

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030064-4



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400030064-4

FOR OFFICIAL USE ONLY

as a function of fa’ fb’ ...fc are not taken into account during analysis.

The probability of receiver vulnerability while operating in the frequency
range from fjn to £ v by specific II Pj ik...1’ is equal to the probability
. ‘e

of satisfaction of conditior (8). For detection of Pjik 1’ let us use

- relationships to determine the probability density of the difference of two
random quantities [5] and let us consider the condition of narrow-bandedness

of IP AFjik...1<< fjn' As‘a rcrasvu]..rtmwe find that

‘f].'
9 AFjap.a4 o
P!.ll...l - ‘ Afl — S )

Wa, ..t () df. )
e .

When m24, P is expressed by the tabular functions [8}.

jrik...1
Analysis shows that when the IP narrow-bandedness condition is satisfied,
the probability of simultaneous vulnerability of a receiver by two or more
II generated by specific transmitting RS is much less than the probability
of vulnerability by one of the II. Consequently, the probability of vulner-
ability of a receiver by IP arising in simultaneous transmission of m RS is
approximately equal to

Pojaboe™ ) Punod LR+ oo + 111 < Gmare

Lkl (10)
For cases where F jik...1 depends only on the order of II q or on the type
of receiver, i.e., AFj,ik...l = AFj,q or AFj,ik...l = AFj, we find from (9)
and (10) that
9 qm;x o Ty
11
Pujab...c = A_f—l 2 8F jq S sz)b...: (1) afs, an
q=2 ]/"
/Ib
AFy .
Pajosie =257+ \ Waab..c (1), (12)
I -
where
‘ . (13)
WO ()= D Wana () A+ R+ =g
CbRend
9max
Waabe ()=~ 2 Wb, e )
l u et uad...c (14)
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are functions which can be obtained by graphic summation of the probability

densities of wuik 1(f). These functions are not probability densities and

are introduced for the convenience of recording and computation.

From the results obtained in [11], it follows that during operation of RS
at discrete frequencies, multiples of the grid spacing, the following should
be substituted in (12) instead of AFj

' 1 o -
AF} = AF} +T(AFHJJI AF yq, AFmbul--r AFuck (15)

where AF , is the spacing of the discrete grid of frequencies of the ith RS

(x, v, z? .4, u) is the greatest common divisor of the numbers x, y, z,...u.

Usually, AF , = AF,.
J ]

When necessary to consider time characteristics of IP, the value of Puj ab...c

obtained should be multiplied by the probability value of simultaneous operation

of the RS generating the IP [2].

The results of a test run by the method of statistical simulation on computer
prove the validity of the.assumptions made and the accuracy of the proposed
methods which are sufficient for practical purposes. The error in determining
the magnitude of P as a rule does not exceed three percent. If we

it is possible to estimate the EMS

uj, ab...c

have datd on the magnitude of Puj,ab...C’

of an RS complex based on IP [1, 3].

In concluding, the author wishes to thank L. I. Sen'ko and Ye. V. Zadedyurin
for aid in evaluating the accuracy of the methods.
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PUBLICATIONS

upC 681,325:621,3,049,77

ANALOG-DIGITAL CONVERTERS (DESIGNING ELECTRONIC EQUIPMENT USING INTEGRATED
MICROCIRCUITS)

Moscow ANALOGO-TSIFROVYYE PREOBRAZOVATELI (PROYEKTIROVANIYE RADIOELEKTRONNOY
APPARATURY NA INTEGRAL'NYKH MIKROSKHEMAKH) in Russian 1980 (signed to press
5 Feb 80) pp 2, 276-8

[Annotation and table of contents from book '"Analog-Digital Converters (Designing
Electronic Equipment Using Integrated Microcircuits)", by German Dmitriyevich
Bakhtiarov, Vadim Vladimirovich Malinin and Vladimir Petrovich Shkolin,

Izdatel 'stvo "Sovetskoye radio”, 20,000 copies, 280 pages]

[Text] Annotation

Design features of analog-digital converters (ATsP) with integrated microcircuits
are examined, and the methodology for calculating their precision characteristics
and speed is given, Explained are the design principles and state of the component
base of modern ATsP: digital-analog converters, reference voltage sources, analog
switches, commutators, comparators, and sampling and storage devices, Considerable
attention is devoted to estimating dynamic error and methods of reducing it, Data
on fully integrated ATsP and on the design principles of converters using micro-
processors are generalized,

The book is intended for a broad group of specialists involved in designing, pro-
ducing and using analog-digital converters with IS [integrated circuits] in various
digital data processing systems,

174 figures, 14 tables, 230 bilbliographic references,

Table of Contents
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1.2, ATsP and digitization of analog 8ignalS,.ececescrcrsssorcccrcccsrnce 6
1.3. Methodology of estimating ATsP quantization error.eecscessescecoces 9
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UDC 681,3,06+621,395,.34
ATS [AUTOMATIC TELEPHONE EXCHANGE] SOFTWARE

Moscow PROGRAMMNOYE OBESPECHENIYE ATS in Russian 1981 (signed to press 12 Oct 80)
pp 2, 5-8, 176

'[Annotation, introduction and table of contents from book "ATS Software" by
Viktor Osipovich Ignat'yev, Boris Yevgen'yevich Alekseyev and Valeriy .
Vyacheslavovich Rossikov, Izdatel'stvo "Radio i svyaz'", 7,000 copies, 176 pages]

[Text] Annotation

Software requirements for ATS [automatic telephone exchange] are examined, and

the composition, purpose and design principles of its component parts are de-
fined and described. The working algorithms for the basic program and the methods
and means for solving the problems which arise in the development, testing, pro-
duction and operation of ATS software are given.,

The book is intended for engineering and technical workers involved in the
creation and operation of modern switching equipment.

Introduction

The creation and development of a nationwide automatically switched telephone
network requires a significant increase in the number of automatic telephone
switching centers (KU) which switch channels, subscriber and trunk lines, as
well as perfection of their design and operating principles which ensure a sub-
stantial improvement in the tactical-technical, technical-economic and operating
characteristics of KU and of the communications network as a whole, One of the
most important areas for this perfection of KU, based on the achievements of
modern electronics and computer technology, is the widespread use of stored-

- program control of KU operation.

Stored-program control is implemented in KU by a special-purpose computer which
executes assigned functions under the control of programs stored in memory (ZU).
The special-purpose computers used to control KU operations are called electronic
controllers (EUM) in switching practice. More than 10 years' practical experience
with EUM-controlled KU has demonstrated a number of substantial advantages of
these KU over other types of KU in the area of operation, installation and
production,
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One of the main advantages of the stored-program method of controlling KU which

is implemented by EUM is the great functional flexibility of the KU in terms of
changing and supplementing the KU operating algorithms when new requirements

arise on the part of subscribers, operating persomnel and communications admin-
istration, In KU which use control units with built-in logic, where the opera-
ting algorithm of a module is determined by the circuit design of the individual
assemblies in these devices and the manner in which they are conmnected, the
introduction of functional changes and additions is associated with substantial
expenditures for redesigning and refabricating the assemblies which implement

the corresponding functions and changing the wiring connections between assemblies,
The additional expenditures just for redesigning this type of KU often exceed the
initial development cost. For example, the initial development of the Crosshar

No 5 coordinate ATS took 335 man-years, while 1900 man-years were spent on various
functional changes and additions after this type of exchange was put into opera-
tion [4]. 1In stored-program KU functional changes and additions are made by
changing and reentering programs in the EUM ZU; the KU equipment itself is not
usually touched. Here the expenditures for making needed changes are approximately
10 times less than those for a coordinate system KU [5].

Contemporary systems requirements for KU are also directed toward more complete
satisfaction of communications user (subscriber) requirements for new services

and capabilities, which are growing rapidly, reflecting the growth in complexity
and dynamism of the social and economic activity of people. The introduction of
many of the services and capabilities required by subscribers has been delayed

by technical and economic difficulties of implementing them in hardware KU. Opera-
ting experience with the first stored-program KU has indicated the presence and
rapid growth in these requirements, and the possibility of satisfying them economi-
cally by means of special programs, For example, in the quasi-electronic ATS YeSS
No 1, the selection of available services and capabilities has grown fivefold since
it was first put into operation [4], and by the end of 1975 over 1 million sub-
scribers of this type of ATS were using such services as speed calling, call
waiting, conference calling, call forwarding, and others [6].

One significant advantage of KU controlled by EUM over other types of KU is the
significant reduction in operational expenditures for maintaining switching center
equipment and conducting operations associated with installing and removing sub-
scriber sets, changing subscriber categories and the services they use, intro-
ducing new routing and changing the number of chanmels or links on individual
routes,

Operating expenses are reduced in these cases to a significant degree due to the
wide use of programs for testing the serviceability of equipment and locating mal-
functions, and representing subscriber and exchange characteristics and connec-
tions in EUM memory in special tables with program correction of their content
when changes must be made. The use of programs in the operation of KU reduces
repair time, makes it possible to use less qualified operating personmnel and re-
duces the amount of work done on remaking internal exchange connections. Since
most of the actions of personnel in operating stored-program KU consist of inter-
acting with existing programs, many of the functions connected with operation can
be executed remotely. This makes it possible to organize centralized operation
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of several such KU from a single center and to use operating personnel more ef<

fectively, which also provides a significant savings in operating expenditures.

On the whole, the amount of labor required to operate a stored-program KU may be
approximately half that required for other types of KU [6, 7].

With stored-program KU, the administration of communication centers and networks
has broad capabilities for objective accounting, monitoring and evaluation of the
activity of switching center operating personnel, for improving operational pro-
cesses and increasing the efficiency of utilization of KU, channel and communica-
tions lines equipment. These capabilities are provided by the availability at the
KU of various programs for gathering statistical data on parameters and traffic
distribution, the load on various types of equipment, the number and types of
malfunctions, etc.

An important advantage of stored-program control of KU which takes on particular
importance under conditions of rapidly developing communications networks is the
capability of using separate data channels which serve as common signaling chan-
nels (OKS) for exchanging interaction and control signals among the KU in a net-
work digital form, and implementation of dynamic network control,

The use of OKS makes it possible to simplify significantly the multiple sets of
incoming and outgoing channels and trunk lines at a center, to eliminate from the
equipment at a center a significant number of devices associated with receiving
and transmitting interaction and control signals, and to incraase the reliability
and speed with which signals are exchanged; it also makes it easier to implement
dynamic network control [8]. Due to the dynamic network control which is imple~
mented by means of EUM and OKS, the efficiency of utilization of the switching

- equipment, channels and communications lines is increased and the quality of
servicing of telephone calls is improved, For example, for an urban telephone
network the introduction of dynamic control makes it possible to achieve savings
of up to 307 of trunk lines and to increase call servicing quality by a factor of
1.5 or more [9].

Stored-program switching centers have significant advantages over other types of
KU both in operation and in production and KU equipment installation.

The use of EUM as KU controllers makes it possible, through program implementa-
tion of complex logical functions, to simplify and standardize both the switching
and control equipment at switching centers. For example, in the EUM-controlled
quasi-electronic D-10 ATS there are 3,5 times fewer different types of assemblies
than in an analogous coordinate ATS [5]. The same type of EUM can be used in KU
of diiferent types and purpose: quasi-electronic and electronic, urban and long-
distance, terminal and center. Because of these circumstances, the organization
and production process are simplified significantly, and the labor consumption
and cost of manufacturing KU equipment are reduced. For example, the amount of
labor required to manufacture an EUM-controlled KU is between three and four times
less per number (per line) than the amount of labor required to manufacture the
equipment for an analogous KU in a coordinate system.

The use of stored-program control of KU operation makes it possible, by entering
special programs into EUM memory, to use the latter to automate testing of
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switching equipment and KU testing as a whole on site. The capability of using
the EUM as standard testing equipment reduces substantially the amount of service
equipment required to install KU, as well as the time required to imstall and put
KU into operation [10],

0f course, the realization of these advantages of stored-program KU requires the
solution of many complex problems associated with the development, production and
operation of the new types of assets which provide these advantages--EUM programs.

This group of problems is so large that it is impossible to examine any of them
in any detail within a single small book. Therefore, the remaining chapters of
the present book are devoted to examining only the basic problems which are of
greatest interest at the present stage of switching practice in our country. The
authors have included among these problems those of choosing the composition,
design principles and operating algorithms of the basic types of programs, and
ensuring efficiency in their development, organization of their production and
their operation,
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uDCc 621.387
GAS-DISCHARGE MATRIX DISPLAY PANELS

Moscow ELEMENTY RADIOELEKTRONNOY APPARATURY, VYPUSK 41: GAZORAZRYADNYYE MATRICHNYYE
INDIKATORNYYE PANELI in Russian 1980 (signed to press 17 Oct 80) pp 3-4, 73

[Introduction and table of contents from book "Elements of Radioelectronic Equipment,
No 41: Gas-Discharge Matrix Display Panels", by Oleg Petrovich Yakimov, Izdatel'stvo
"Sovetskoye radio", 20,000 copies, 73 pages]

[Text] Introduction

Intensive development of measuring techniques, computers, television, and control
systems led to the necessity of processing and visual presentation of considerable
amounts of information. It became necessary to create highly effective devices for
displaying information. The most important components of such devices are indica=-
tors: devices transforming electrical signals into light signals.

In the conventional measuring instruments and devices, as well as in control panels,
relatively simple display devices are used which show figures, letters, and various
symbols. Considerably more complex problems are performed by indicators in the dis-
plays of electronic computers, where it is necessary to display a larger number of
various symbols and graphs determined by thousands of units and ensuring communica-
tion between the screen of the computer and operator, Even more complex tasks are
expected of indicators in television, radar, and automatic control systems (ASU),
where it is necessary to have half-tone or even color pictures with a very large num-
ber of scanning elements.

Until recently, the only type of electronic indicators satisfying the requirements

of displaying considerable files of information with complex coding was the cathode--
ray tube (CRT), The following are the advantages of this type of indicators: univer=
sality, high light output, simplicity of information input. At the same time, almost
all types of, CRT have the following disvantages: nonflat design of the screen, high
operating voltages, hot cathode, awkwardness of the entire device due to the presence
of high-voltage sources and filament circuit supply sources, and, finally, a relative-
ly 1low level of reliability. The above-mentioned disadvantages make CRT definitely
incompatible with modern integrated electronics. Therefore, in recent years, new
kinds of screen-type display devices have been developed where the defects character-
istic of CRT have been partially or completely eliminated.
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The screen-type indicators competing with CRT include: electroluminescent, gas-dis-.
charge panels, liquid-crystal, electrochromic and electrophoretic indicators. Since
1964, integrated-type gas-discharge display devices -- gas-discharge display panels.
(GIP) -- have been used most widely abroad. They have a number of important advan=
tages over the above-mentioned screen-type indicators, and information display de-
vices using GIP perform effectively the following functions: conversion of informa-
tion from the electrical form to the light form, addressing information to the cells
of the indicator, information storage.

According to the data of sources published abroad [10, 11], the most preferred areas
of GIP application are:

-- alphanumeric display boards for indiviaul use with a relatively small informa-
tion capacity;

-~ terminal screens for individual use intended for presenting alphanumeric infor~
mation and having an average information capacity;

-~ large screens for collective use, including screens reproducing color images;
-- television screens with a large number of brightness gradationms.

Alphanumeric screens using GIP are used in output devices of complex measuring cir=-
cuits, as well as control circuits for displaying values being measured, movement
parameters of objects, transmitted commands, and other operating technical informa~-
tion. Screens for collective use are used widely in display devices of the output
information of computers at large control stations and in command complexes. In con-
clusion, it should be mentioned that the service life of GIP is tens of thousands of
hours.

The author is grateful to Candidate of Technical Sciences A. B. Pokryvaylo, who read

the first version of the manuscript and made a number of useful suggestions, and al=-

so provided the author with some materials which he used in writing this pamphlet.
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UDC 681.883.67:621.396.67.012,12
PARAMETRIC RELIABILITY OF HYDROACOUSTIC ANTENNAS

Leningrad PARAMETRICHESKAYA NADEZHNOST' GIDROAKUSTICHESKIKH ANTENN in Russian 1980
(signed to press 5 Nov 80) pp 2-4, 190-191

[Annotation, foreword and table of contents from book '"Parametric Reliability of
Hydroacoustic Antennas", by Vladislav Borisovich Zhukov and Dmitriy Borisovich
Ostrovskiy, Izdatel'stvo "Sudostroyeniye", 1800 copies, 192 pages]

[Text] The book presents problems of reliability of the parameters of multielement
hydroacoustic antennas. Calculation methods are based on the statistical theory.,
Failure criteria are given by the directional characteristic, displacement of the
extremums, width of the main maximum, and the concentration coefficient. The prob-
ability of failure-free operation is defined as a function of statistical moments

of the spread of parameters and failures of the elements, as well as of the nonuni-
formity of the medium,

Problems of reliability are solved by direct and inverse methods. The failure cri-
teria of the antenna is used to determine the permissible spread of the parameters
of the elements during the stage of development, and it is possible to predict the
operation of the antenna during the period of its operation.

Examples are given to illustrate the methods of calculating reliability in typical
- antenna problems with the use of the obtained results,

- The book is intended for those engaged in the development of hydroacoustic equipment
and specialists in its operation,

Foreword

The antenna is a terminal device of hydroacoustic stations which is directly con-
nected with the medium in which energy propagates. The efficiency of an. antenna and
the preservation of its characteristics within the required limits determine the ef-
fectiveness of the operation of the entire station.

The general problem of the calculation of the reliability of an antenna can be di-
vided into two problems: 1) determination of reliability during the stage of design~
ing and manufacturing; 2) calculation of reliability in the process of operation,

Reliability calculation is usually connected with the number of failures of the ele=-
ments, Multielement antennas are characterized by the fact that, in some instances,
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the antenna can maintain its serviceability with one or several failed elements,
while in other instances it may not meet the requirements even if there are no fail-
ures of its elements. When evaluating the religbility of an antenna it is practical
to proceed from the necessity of ensuring the permissible output characteristics
prescribed for the antenna.

The traditional methods of computing antemnas presuppose that they consist of iden-
tical elements, and the amplitude-phase distribution of the oscillatory speed of the
elements and the configuration of the aperture are determined by the nominal values
of the parameters of the elements, and design and processing schemes. In reality,
the characteristics of manufactured antennas, as a rule, differ from their design
characteristics. First of all,it is caused by the fact that the elements of an an-
tenna are manufactured with certain allowances, which, in turn, leads to the distor-
tion of the directional characteristic and other output parameters of antenmas.
Thus, when computing the reliability of antennas, it is necessary to consider not
only the total failure of the elements, but, chiefly, the spread of their parameters,
which is the main problem which the designers of antenna systems have to solve. The
operation of an antenna under real conditions is connected also with the appearance
of errors caused by the nonuniformity of the medium in space and instability of its
properties in time.

At the present time, the problems of the reliability of antennas are given more and
more attention in connection with the increased requirements imposed on the allow-
ances for the parameters of antennas, the necessity of multiple reproducibility,

and the requirements for the stability of the characteristics in time during
operation, There are also some difficulties in setting up a sufficiently represen-
tative experiment in which it would be possible to simulate the designs of multi-
element antennas or test their reliability,

A natural method which makes it possible to consider an accidental spread of the
parameters of the elements and their failures is the statistical method, The char=
acteristics of antennas obtained in this case do not determine the concrete antenna,
but determine its statistical characteristics describing all of the antennas of that
type. Such statistical characteristics include, first of all, the mean value, dis-
persion, and the distribution function.

Methods of calculating antenna reliability can be divided into direct and inverse.
The direct methods make it possible to determine the reliability of an antenna by
the known statistical characteristics of the elements with or without consideration
for the fluctuations of the parameters of the medium, The inverse methods make it
possible to determine statistical characteristics of the elements by a prescribed
(permissible) changes of the output parameters of the antenna. The inverse problems

- are solved during early stages of antenna designing. At that time, proceeding from
the permissibie spread of the output parameters of an antenna operating at the sta-
tion, it is possible to determine the requirements for elements and to design an op-
timally reiiable antenna. The direct methods serve for evaluating the potentialities
of the developed design.

There are few publications treating the reliability of antennas in the above aspect.

Some of the results published in the books "Problems of the Statistical Theory of
Antennas" by Ya. S. Shifrin and "Directivity of Hydroacoustic Antennas" by M. D.
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Smaryshev can be taken for partial evaluation of the reliability of multielement an-~
tennas, However, many problems remain unsolved. For example, the statistical de~
scriptions of a number of antenna parameters are incomplete, since there are no ex-
pregsions for the distribution functions and antenna parameters, errors in the in-
stallation of the elements in the antenna and failure of elements are not taken into
consideration, and there is no necessary information on the determination of the
initial data and the spread of the parameters of the elements,

The authors of this book give a method to the developer of multielement antennas
which makes it possible to perform a sufficiently complete calculation of the re-
liability of antennas, predict its operation in time, and present substantiated re~
quirements for the elements of the antenna., The authors use a signal position to
give a full statistical description of the parameters characterizing the directional
properties of the antenna. Much attention is given to the methods of reliability
calculation, which makes it possible to solve both the antenna problems, and the re-
lated problems.

It is requested to send all critical remarks and suggestions to: 191065, Leningrad,
ul, Gogolya, 8, Izdatel'stvo "Sudostroyeniye'.
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UDC 621,396.967:551:581.5
RADAR METHODS OF EARTH STUDIES

Moscow RADIOLOKATSIONNYYE METODY ISSLEDOVANIYA ZEMLI in Russian 1980 (signed to
press 12 Nov 80) pp2, 261-262

[Annotation and table of contents from book "Radar Methods of Earth Studies'", by
Yuriy Aleksandrovich Mel'nik, Sergey Georgiyevich Zubkovich, Vladimir Danilovich
Stepanenko, Yuriy Pavlovich Sokolov, Vadim Aleksandrovich Gubin, Vladimir Yevgen'=-
yevich Dulevich, Sergey Vladimirovich Pereslegin, Aleksandr Afanas'yevich Veretya-
gin, Valentin Mikhaylovich Glushkov, and Yuriy Alekseyevich Yurkov, Izdatel'stvo
"Sovetskoye radio", 3500 copies, 264 pages]

[Text] The authors present the principles of radar studies of the earth. The book
gives a detailed examination of reflection models and characteristics of radar sig-
nals of the dry land, water surfaces, and atmospheric formations. The authors used
a single basis to describe the methods of comstructing and substantiating the param-
eters of systems of active radiolocation and radiometry for the observation of the
earth's surface and meteorological objects from aircraft and satellites. Methods
are given for using active and passive radar means for cartography, geology, hydrol-
ogy, studying the vegetative cover, oceanography, ice recomnaissance, and other geo-
physical studies,

The book is intended for specialists engaged in remote exploration of the earth for
scientific and national economic purposes.

Tables ~- 32, figures == 162, bibliography -- 118 items.
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RADIOCOMMUNICATION CHANNELS FOR ASU TP

Moscow KANALY RADIOSVYAZI ASU TP in Russian 1980 pp 1-2

[Table of contents from book "Radiocommunication Channels for the Automatic Control

System of Transformer Substatioms", by A. A. Goryachev, Izdatel'stvo "Svysaz'"]

[Text] Contents
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UDC 629.7.621,396.629,139,004,2(075.3)
RADIO COMMUNICATION EQUIPMENT OF AIRPORTS

Moscow RADIOSVYAZNOYE OBORUDOVANIYE AEROPORTOV in Russian 1975 (signed to press 12
Feb 75) pp 2, 213-214

[Annotation and table of contents from book "Radio Communication Equipment of Air-
ports", by Aleksandr Fedorovich Logachev, Izdatel'stvo "Pransporc", 8000 copies, 216
pages

[Text] This book describes functional circuits and basic circuits of UKV [ultra
short-wave] radio stations R-824M, R-822, R-809M, shortwave radio station R-820M,
transmitter R-647, and the radio receiver "Volna-K" which are used widely in civil
aviation for ground and aerial aircraft radio communication.

The book is intended as a textbook for students of regular and correspondence de-
partments of schools of special services of the Ministry of Civil Aviation of the
USSR. It can also be used by students of higher educational institutions and by
engineers and technicians of the communication services of airports.
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Transmitter 69
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9. Radio Station Control 75
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UDC 621,3.019.3:621.385.832
RELIABILITY AND TESTING OF RADIO PARTS AND COMPONENTS

Moscow NADEZHNOST' I ISPYTANIYA RADIODETALEY I RADIOKOMPONENTOV in Russian 1981
(signed to press 4 Dec 80) pp 2-5, 269-72

[Annotation, introduction and table of contents from book '"Reliability and Testing
of Radio Parts and Components", by Nikolay Aleksandrovich Mitreykin and Arkadiy
Ivanovich Ozerskiy, Izdatel'stvo "Radio i svyaz'", 30,000 copies, 272 pages ]

[Text] This textbook presents the fundamentals of the theory of reliability, test-
ing, and standardization of radio parts and radio components,

This textbook is intended for students of technical schools specializing in instru-
ment-making; it can also be useful to engineers and technicians engaged in the pro-
blems of reliability and testing of radio parts and components.

Introduction

It is impossible to accomplish the far-reaching goals of creating the material

and technical base of communism in the USSR without a wide use of radioelectronic
devices., At the present time, there is practically no area of science and technology
where radioelectronic equipment (REA) is not used,.

It was noted at the 25th CPSU Congress that onme of the main problems of modern de~
velcopment was and still is the acceleration of the scientific and technical progress.
Scientific and technical progress is inseparably linked with a wide introduction of
REA into all sectors of the national economy of the country.

Radioelectronic devices consist of a large number of elements performing various
functions. Some elements perform only mechanical functions, such as fastening
(screws and nuts, clamps, clips, pins) or tramslation of motion (gear drive, worm=
gear drive, clutch). Some other parts perform electrical functions. These are re=-
sistors, capacitors, semiconductor instruments, Some perform simultaneously both
electrical and mechanical functionms. For example, these are plug and socket units,
connecting plates, mounting bays, switches.

This textbook examines elements forming electrical circuits of REA, It is customary
to call elements of electrical circuits radio parts, and radio conponents.
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A radio part is an element of an electrical circuit intended for its construction
which has a complete structural form and performs simple electrical functions (in-
creasing the resistance to the flowing current, accumulation of a charge, concentra=
tion of electromagnetic energy, etc). A radio part cannot amplify, generate, and
transform radio signals,

RiA use a large number of radio parts which are a structural element base of radio-
electronics., Such radio parts are often called radio components. They include:
installation items (control handles, fuse holders, plugs, etc); switching .items
(switches, buttons, etc); connecting items (plug and socket units, connecting plates,
mounting bays, etc); transformers, choke coils, inductance coils, etc.

Almost all radio parts and components are assembled units, because they are assem-
bled from individual parts connected at the manufacturing enterprise by assem! ling
operations (screwing, riveting, welding, soldering, pressing, lamination, gluing,
etc)., Radio parts and components are constituent parts of any radio engineering de-
vice, therefore, it is customary to call them constituent items.

Modern REA is used under various conditions and must satisfy the following most im-
portant requirements: operate normally under prescribed conditions, be highly reli-
able, require a minimum volume of ad justment and development work, have interchange-
able radio parts and components, etc. However, it is not always possible to satisfy
such requirements completely. One of the causes of this situation is the difficulty
of manufacturing radio parts and components of high stability and reliability. In
this respect, large-scale standardization of radio parts and components is very
helpful to the manufacturer and operating personnel.

Radio parts and components, just as any products of all sectors of industry, are
covered by the state standards of the USSR, standards of the industry, or standards
of manufacturing enterprises. The purpose of standardization is to produce articles
which are effective technically and economically, hav: a prescribed degree of relia-
bility, and are safe in operation. The following goil was set by the 25th Party
Congress: "To enhance the role of standards in the z:celeration of the scientific
and technological progress and to improve the quality of finished products, raw and
other materials, and constituent articles. To improve standards and specifications,
and to enhance the responmsibility of economic organizations, enterprises, and asso-
ciations for their observance. To strengthen the technical control service'", Great
possibilities for improving the quality of REA are offered by the use of standard-
ized functional assemblies and microelements formed into modules, micromodules and
integrated circuits, which makes it possible to reduce congiderably the dimensions,
weight and cost of REA and to increase sharply its reliability, the level of mechan=-
ization and automation of production.

Radio parts and components and the articles made from them are subjected to various
tests: acceptance tests, periodic tests, gtandard tests and reliability tests. The
purpose of tests is the quality control of products, determination of possible use
of the item under prescribed operating conditions, and determination of unified re-
quirements for articles intended for operation under various operating conditions,
The above tests are dome in accordance with the normative technical documentation
(NTD) for articles of specific types. Fulfillment of the requirements of such docu-
mentation by the enterprises of the radioelectronic industry makes it possible to
produce high-quality radio parts and components.
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UDC 621.391
STATISTICAL ANALYSIS OF MULTIPLE~LEVEL PULSE TRAINS

Moscow VEROYATNOSTNYY ANALIZ MNOGOUROVNEVYKH SIGNALOV in Russian 1980 (signed
to press &4 Nov 80) pp 2, 148

[Annotation and table of contents from book "Probability Analysis of Multiple-
Level Signals" by Lyubov' Markovna Polyak, Izdatel'stvo "Svyaz'", 3800
copies, 148 pages]

[Text] The book is devoted to a systematic presentation of the theoretical
foundations of probability analysis of multiple-~level sequences which are
widely propagated for transmission of digital and analog signals along com-

- munication lines. Underlying the analysis is a presentation of a linear
multiple-level signal in the form of a uniform Markov chain with limited
number of states.

- The form of matri:es of transitional probabilities characterizing the basic
features of a multiple-level signal of some type is explained.

It is proven that primitive stochastic matrices of transitional probabilities
correspond o a non-block multiple-level sequencies, and nonprimative
stochastic matrices, whose nonprimdtiveness index equals the desired volume
of the block, correspond to block sequences.

Mathematical operations on matrices of transitional probabilities are considered,
the result of whose application is used to determine the energy spectra

of multiple-level signals. The aspects of continuous and discrete components

of energy spectra of non-block and block sequences are discovered.

Conditions in which a discrete component is absent from the spectrum of a
transmitted signal are formulated.

Operatinns are described to obtain energyspectra of multiple-level sequences
passing through specific linear and non-linear elements in the channel of
digital communications systems. The result is an assessment of the effect
of distortions of pulse amplitudes of a multiple-level signal on its energy
spectrum; energy spectra of multiple-level sequences passing through a
full-wave rectifier are determined; and several other linear and non-linear
elements of the digical channel are defined.

Attention is focused on the study of the distributive functions of processes

which occur in linear channels of digital communications systems. The probability
density of the magnitude of Intersymbol transitions is defined and the aspects

of integral functions of the probablity distribution of such processes as the
detection of a unit interruption of a symbol in the line and a repetition of
combinations of symbols with preset levels are determined. Methods are proposed
for studying the integral functions of the probability distribution of the
envelope of the process at the output of a filter-discriminator of clock

pulses in a recovery circuit of time intervals of a regenerator with autosynch-
ronization.
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The theoretical assumptions are illustrated with examples of probability
analysis of various types of signals.
The cited methods of probability analysis obviate the need for approximate
solutions associated with complicated evaluations of the degree of approxi-

mation.

For science workers specializing in electrical communications.
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